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CHAPTER 1 
INTRODUCTION
1.1 Electrodialysis and Ion Exchange Membrane 
Electrodialysis is an electrochemical membrane separation process in which 
electrically charged membranes and an electrical potential difference used to separate 
ionic species from aqueous solution and other uncharged components (Strathmann, 
1992; Bazinet et al., 1998). The separation is not based on the size of the particles, 
but by their electrical charge (Bazinet et al., 1998). 
The interest in electrodialysis as a membrane separation process due to the 
developments in new membrane materials that offer better stability and performance, 
thus facilitating for new applications (such as bipolar membrane) (Bazinet et al.,
1998). The applications of electrodialysis include the desalination process, 
production of table salt from seawater, demineralization of cane sugar, desalination 
of cheese whey, deacidification of fruit juices, wines stabilization, production of 
acids and bases from a salt stream and to the recovery of concentrated acids 
(Strathmann, 1992; Alvarez et al., 1997; Bazinet et al., 1998; Ling, 2002). 
 The ion exchange membranes are the most important component in the 
electrodialysis equipment. Ion exchange membranes are made of polymer matrix 
material with fixed charged groups covalently bonded to the polymer matrix 
(Strathmann, 1992). The ion exchange membranes are subdivided into two basic 
categories, which are the monopolar membranes and the bipolar membranes. The 
2type of fixed charged groups attached to the polymer matrix, determines the 
classification of ion exchange membrane (Ling, 2002). Monopolar membranes can 
be further classified into anion exchange membrane and cation exchange membrane. 
A membrane containing fixed negative charges is called a cation exchange 
membrane, while a membrane with fixed positive charges is referred as anion 
exchange membrane (Strathmann, 1981). 
1.2 Deacidification of Pineapple Juice by Electrodialysis 
Pineapple or Ananas comosus is a popular tropical fruit due to its unique 
aroma and pleasant flavour. A ripe pineapple is juicy, succulent and has a tangy 
sweet-tart flavour. Pineapple juice is obtained by squeezing pineapple fruit. 
Pineapple juice contains 12 % - 15 % (w/v) sugars of which two-third is in the form 
of sucrose and the rest are glucose and fructose. 0.6 % - 1.2 % (w/v) of pineapple is 
acid of which 87 % is citric acid and 13 % is malic acid (Samson, 1986; Adhikary et 
al., 1987). The pH of pineapple juice is in the acidic region, which is of around 3.71 
and the acidity percentage is 53.5 %. The composition of the juice varies with 
geographical, seasonal harvesting and processing. 
Several methods have been attempted to reduce the sour taste of pineapple 
juice, due to its high acidity. The methods include adding sweetening agents, simple 
neutralization by alkali and partially removal of the acid by ion-exchange techniques 
(Bhatia et al., 1979; Adhikary et al., 1983; Lue and Chiang, 1989). 
At present, there is an increase demand for fruit juices with authentic 
characteristics of fresh fruits and free from chemical additives. As a result, the 
industry is searching for new technology that could maintain the sensorial and 
nutritional quality of the fruit juices (Carneiro et al., 2002). The conventional thermal 
processing method reduced the quality of the pineapple juice. An alternative 
pineapple juice processing is by using electrodialysis. The advantages of 
electrodialysis in relation to the thermal processing are the use of mild temperature 
and pressure conditions, which maintain the nutritional quality and the sensorial 
3attributes of the products. Hence a study is warranted to develop pineapple juice with 
acceptable acidity level using laboratory scale electrodialyzer equipment. 
1.3 Objective of the Study 
The objective of this research was to study the performance of monopolar ion 
exchange membranes during electrodialysis for the deacidification of pineapple 
juice.
1.4 Scope of the Study 
In order to achieve the objective, the research is divided into three phases. 
The first phase involved the study on the effect of operating parameters on the 
performance of electrodialysis equipment using citric acid solution. The operating 
parameters studied were the current density, feed concentration and anion exchange 
membranes type. The study on limiting current density, water transport and ion 
transport were also conducted. 
The second phase was to study the reliability of the developed limiting 
current density, water transport and ion transport equation to describe the 
performance of electrodialysis process using citric acid solution. 
The third phase was to study the deacidification of pineapple juice using 
electrodialysis. The effect of electrodialysis on the physico-chemical and chemical 
characteristics of pineapple juice was investigated. The sensory analysis was also 
conducted to determine the acceptability of the processed pineapple juice using 
electrodialysis.
41.5 Organization of Thesis 
The research work in this thesis deals with the application of electrodialysis 
with ion exchange membranes for deacidification of pineapple juice. The thesis is 
divided into six chapters. Chapter 1 presents the background and overview of the 
overall study. An introduction to electrodialysis, ion exchange membrane and its 
application in the process of pineapple juice deacidification are presented. The 
research objective and scope are also outlined.
The Chapter 2 of this thesis is the comprehensive literature review, including 
membrane separation technology, the basic principles of electrodialysis and ion 
exchange membranes, the applications of electrodialysis, limiting current density in 
electrodialysis process and ion transport in ion exchange membranes. 
In Chapter 3, the background of pineapple, the pineapple and pineapple juice 
composition and pineapple industry in Malaysia are presented. Besides that, 
membrane processing of fruit juices and the conventional methods for fruit juice 
deacidification are presented. A review of the previous study on the application of 
electrodialysis with ion exchange membrane for deacidification of fruit juices is also 
cited.
Chapter 4 listed out the materials and equipments used in this study. The 
methods for the experimental work were also described. All the experimental results 
and discussion of the performance of electrodialysis to deacidify citric acid solution 
and pineapple juice are outlined in Chapter 5. This chapter also includes the analysis 
of limiting current density and water and ion transport. Finally, Chapter 6 concludes 
the findings from this research and with recommendations for future work. 
